MATERIALS AND METHODS

Chemicals
Water was re-distilled and filtered by Milli-Q prior to use. Acetonitrile (ACN) was purchased from Merck (Darmstadt, Germany). 2,4-dinitrophenylhydrazine (DNPH)-coated cartridges (Sep-Pak Silica Gel Cartridge, Waters, Millipore Co.) were sealed in hermetic Teflon bags and stored in a 4°C refrigerator until use. The standard solution (ChemService, USA) were commercially supplied by Shanghai Anpel Scientific Instrument Co., Ltd including DNPH derivatives of formaldehyde, acetaldehyde, acetone, acrolein, butyraldehyde, propionaldehyde, crotonaldehyde, benzaldehyde, 2,5-dimethylbenzaldehyde, hexaldehyde, isovaleraldehyde, valeraldehyde, o-tolualdehyde, m-toualdehyde, p-tolualdehyde, cyclohexanone, heptaldehyde, octylaldehyde, nonanaldehyde, decylaldehyde, and 2-butanone (Feng et al., 2004; Lü et al., 2009; Guo et al., 2014b) .
Sampling
The sampling site is located on the roof of a building (round 20m above ground level) in the campus of Guangxi University, which is surrounded by urban roads, residential buildings and business offices in urban center of Nanning (see Fig. 1 in the main manuscript). In this study, haze episodes were characterized by visibility of ≤10km (CMA, 2003; Wang et al., 2006; Tan et al., 2009; Guo et al., 2012a) . Figure 1S plots annual trend of haze days during 2001-2014 in Nanning, and Figure 2S shows the plot of visibility variation during this sampling in summer of Nanning (July 16-23, 2012) . It can be seen that average daily visibility was round 11-16km on July 16-18, and then reached the lower values of 5-8km on July 21-23. In addition, there was a raining event in the two days on July 19-20. Therefore, the days of July 21-23 were regarded as one haze episode, and air samples from July 17-19
were also collected for data comparison of haze episode versus normal days. The detail sampling procedure was similar to the descriptions in our previous studies (Duan et al., 2012; Guo et al., 2014a) . In this study, meteorological data of visibility, wind speed, relativity humidity, temperature and pressure were collected from http://www.wunderground.com, and sunlight intensity was collected from the local meteorological department in Nanning named Nanning weather station, which were provided for us in time during the sampling periods.
Meanwhile, data of sunlight intensity and weather conditions were also recorded by the staff who engaged in the air sampling on the field.
Briefly, samples were collected by drawing air with a sampling pump (Gast, USA) through DNPH-coated cartridges. A potassium iodide denuder was connected to the upstream of the cartridges to avoid the interference of ambient O 3 . In addition, a breakthrough experiment was carried out by connecting two cartridges in series before sampling, indicating that no carbonyls were detected in the back cartridge when the sampling interval was 2h at a flow rate of 2L/min. Carbonyls were collected at four intervals (including 0700-0900 (in the morning), 1130-1330 (at noon), 1700-1900 (in the late afternoon) and 2200-2400 (in the midnight)) in haze episodes and normal days in summer (July 16-23, 2012) , which were collected for 2h via a flow rate of 2L/min. The information of sampling, weather and meteorological conditions (including visibility, wind speed, relativity humidity, temperature, sunlight intensity and pressure) were listed in Table 1S . After sampling, each cartridge was firstly wrapped in a Teflon bag with aluminum foil and then stored in a 4°C refrigerator until analysis. The sampling program of each day included one laboratory blank and one field blank, and total 24 carbonyl samples and 12 blank samples were obtained.
Analysis
The analysis procedure of carbonyl samples was based on the EPA TO-11A method of United States (US EPA, 1996) and our previous studies (Lü et al., 2009; Guo et al., 2014b) .
Briefly, all cartridges were eluted with 2mL of ACN into a 2mL volumetric flask and then a 10μL was injected into the HPLC system (HP1100, Agilent, USA) through an auto-sampler. , 1996) . In this study, carbonyls' statistical analyses was conducted by personal correlation matrix using the SPSS software and described in the reference Lü et al. 2009 . Note: the references in the Table 2S were presented in this Supplementary material and the main manuscript. Blank refers to the data were not available in the relative references. 
